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COMMUNICATION METHOD BETWEEN
DEVICES HAVING DIFFERENT SAMPLING
RATES AND COMMUNICATION SYSTEM
EMPLOYING THE SAME

BACKGROUND OF THE INVENTION

1. Field of the Invention

The present mnvention relates to a communication system
constructed by interconnecting a plurality of repeaters each
having one or more devices connected thereto by a data
fransmission line and particularly to a communication
method and a communication system capable of truly and
precisely transmitting digital data from an mput device to an
output device having a different sampling rate from that of
the 1nput device.

2. Related Art

In recent years, digital audio equipment for recording and
reproducing digitized characters, voice, image data or the

like, such as CD (Compact Disk) drives, CD-ROM drives
and DAT (Digital Audio Tape-recorder) units, have been
rapidly widespread.

To record and reproduce original digital data (to be
referred to as “original data” hereinafter) truly and precisely,
a sampling rate 1s set 1 each of these digital audio equip-
ment.

A sampling rate of 44.1 kHz 1s used for CD drives, 32,
44.1 or 48 kHz for DAT units, 32 kHz for RDS (Radio Data
System) units which provide character information service
and automatic broadcast reception service by FM multiplex
broadcasting, 44.1 kHz for digital audio amplifiers incorpo-

rating a DSP (Digital Signal Processor), and 44.1 or 48 kHz
for MD (Mini Disc) drives.

There may be a request for transferring digital data from
an output unit having a relatively low sampling rate to an
input unit having a relatively high sampling rate, for
example, transferring original data from an RDS unit having
a sampling rate of 32 kHz to a digital audio amplifier having
a sampling rate of 48 kHz to output voice, or transferring
original data from a CD drive having a sampling rate of 44.1
kHz to an MD drive having a sampling rate of 48 kHz to be
recorded.

In this case, it 1s conceivable to interpose an interface
between the mput unit and the output unit to carry out the
processing of matching the sampling rates of these units.

That 1s, as a first method, interpolation 1s carried out on
the original data, thereby making it possible to exchange
digital data between mput and output units having different
sampling rates. As a second method, original data from an
output unit 1s stored i1n a transmission buifer using a FIFO
(First-In First-Out) system, DMA (Direct Memory Access)
system or the like, the stored digital data 1s transmitted at a
predetermined bit rate higher than the sampling rate of an
input unit, the digital data received at this predetermined bit
rate 1s stored 1n a receiving builfer, and the stored digital data
1s transmitted to the input unit at a transmission bit rate
synchronized with the sampling rate of the input unait,
thereby making 1t possible to exchange digital data between
input and output units having different sampling rates.

However, when the former method 1s employed, unnec-
essary data other than the original data 1s interpolated for the
original data, thereby making 1t difficult to transmit the
original data truly and precisely.

When the latter method 1s employed, an interface includ-
ing a control unit for controlling the timing of reading or

[
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2

receiving buifer or transmitting-receiving builer is required,
and thus this mnterface has complicated circuit configuration
and 1s expensive.

SUMMARY OF THE INVENTION

In view of the above situation, it 1s an object of the present
invention to provide a transmission method and a transmis-
sion system 1n which digital data can be transmitted truly
and precisely from an mput unit to an output unit having a
different sampling rate from that of the mput, by providing
an 1nterface having a simple and low cost circuit configu-
ration between the mput unit and the output unit.

To attain the above object, according to an aspect of the
present 1nvention, there 1s provided a transmission method,
used 1n a transmission system constructed by interconnect-
ing a plurality of repeaters, each having at least one device
connected thereto, by a transmission line, for exchanging
digital data between devices, between repeaters, or between
a device and a repeater, the method comprising the steps of:
setting a transmission reference clock which 1s the basis for
an exchange of communication data between repeaters to an
appropriate value 1n advance with reference to a plurality of
device reference clocks set 1n at least one device; setting a
number of bits of each unit block of communication data
synchronized with the transmission reference clock and a
number of bits of each unit block of plural device data
synchronized with the plurality of device reference clocks
respectively, to appropriate values 1n advance with reference
to frequencies of the plurality of device reference clocks and
a frequency of the transmission reference clock; modulating,
by a repeater, device data to communication data synchro-
nized with the transmission reference clock, when the device
data synchronized with the device reference clock set 1n a
source device connected to the repeater 1s output from the
source device; adding a phase information to be used to
demodulate the modulated communication data into device
data, to an empty area which 1s equivalent to a difference
between a number of bits of each unit block of the device
data and a number of bits of each unit block of the com-
munication data synchronized with the transmission refer-
ence clock, at the time of the modulation by the repeater; and
transmitting the modulated communication data to a prede-
termined destination by the repeater.

According to the present invention, when a repeater
receives the device data synchronized with the device rel-
erence clock set 1n a source device connected to the repeater
from the source device, the repeater modulates the device
data to communication data synchronized with the transmis-
sion reference clock; adds a phase information to be used to
demodulate the modulated communication data into device
data, to an empty arca which 1s equivalent to a difference
between a number of bits of each unit block of the device
data and a number of bits of each unit block of the com-
munication data synchronized with the transmission refer-
ence clock, at the time of the modulation; and transmits the
modulated communication data to a predetermined destina-
fion by the repeater.

Therefore, by adding the phase information, the device
data synchronized with the device reference clock set in the
source device can be modulated to the communication data
synchronized with the transmission reference clock without
performing a processing of bit interpolation. As a result,
digital data can be transmitted truly and precisely from an
input unit to an output unit having a different sampling rate
from that of the input unit.

In a preferred embodiment of the present invention, the
phase information comprises a phase difference between a
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block synchronous signal of communication data synchro-
nized with the transmission reference clock and a synchro-
nous signal of a device reference clock set 1n the source
device.

Further, to attain the above object, according to another
aspect of the present invention, there 1s provided a trans-
mission method, used 1n a transmission system constructed
by interconnecting a plurality of repeaters, each having at
least one device connected thereto, by a transmission line,
for exchanging digital data between devices, between
repeaters, or between a device and a repeater, the method
comprising the steps of: setting a transmission reference
clock which 1s the basis for an exchange of communication
data between repeaters to an appropriate value 1 advance
with reference to a plurality of device reference clocks set in
at least one device; setting a number of bits of each unit
block of communication data synchronized with the trans-
mission reference clock and a number of bits of each unit
block of plural device data synchronized with the plurality
of device reference clocks respectively, to appropriate val-
ues 1n advance with reference to frequencies of the plurality
of device reference clocks and a frequency of the transmis-
sion reference clock; demodulating, by a repeater, received
communication data to device data synchronized with the
device reference clock set in a destination device connected
to the repeater, when the repeater receives communication
data modulated to synchronize with the transmission refer-
ence clock and addressed to the destination device; extract-
mg a phase information added at the time of modulation by
using an empty area which 1s equivalent to a difference
between a number of bits of each unit block of the device
data and a number of bits of each unit block of the com-
munication data synchronized with the transmission refer-
ence clock, at the time of demodulation by the repeater; and
transmitting, by the repeater, the demodulated communica-
fion data to the destination device.

According to the present invention, when a repeater
receives communication data modulated to synchronize with
the transmission reference clock and addressed to a desti-
nation device connected to the repeater, the repeater
demodulates the received communication data to device data
synchronized with the device reference clock set in the
destination device; extracts a phase information added at the
fime of modulation by using an empty area which 1s equiva-
lent to a difference between a number of bits of each unit
block of the device data and a number of bits of each unit
block of the communication data synchronized with the
transmission reference clock, at the time of demodulation;
and transmits the demodulated communication data to the
destination device.

Therefore, by extracting the phase information, the com-
munication data modulated to synchronize with the trans-
mission reference clock can be demodulated to the device
data precisely synchronized with the device reference clock
set 1n the source device without performing a processing of
sinning bits. As a result, digital data can be transmitted truly
and precisely from an input unit to an output unit having a
different sampling rate from that of the mnput unit.

In a preferred embodiment of the present invention, the
phase information comprises a phase difference between a
block synchronous signal of communication data synchro-
nized with the transmission reference clock and a synchro-
nous signal of a device reference clock set 1n a source

device.

Further, to attain the above object, according to still
another aspect of the present invention, there i1s provided a
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transmission method, used 1n a transmission system con-
structed by interconnecting a plurality of repeaters, each
having at least one device connected thereto, by a transmis-
sion line, for exchanging digital data between devices,
between repeaters, or between a device and a repeater, the
method comprising the steps of: setting a transmission
reference clock which 1s the basis for an exchange of
communication data between repeaters to an appropriate
value 1n advance with reference to a plurality of device
reference clocks set 1n at least one device; setting a number
of bits of each unit block of communication data synchro-
nized with the transmission reference clock and a number of
bits of each unit block of plural device data synchronized
with the plurality of device reference clocks respectively, to
appropriate values 1n advance with reference to frequencies
of the plurality of device reference clocks and a frequency
of the transmission reference clock; modulating, by a
repeater, device data to communication data synchronized
with the transmission reference clock, when the device data
synchromzed with the device reference clock set in a source
device connected to the repeater 1s output from the source
device; adding a phase information to be used to demodulate
the modulated communication data 1into device data, to an
empty areca which 1s equivalent to a difference between a
number of bits of each unit block of the device data and a
number of bits of each unit block of the communication data
synchronized with the transmission reference clock, at the
fime of the modulation by the repeater; transmitting the
modulated communication data to a predetermined destina-
tion by the repeater; demodulating, by the repeater, received
communication data to device data synchronized with the
device reference clock set in a destination device connected
to the repeater, when the repeater receives communication
data modulated to synchronize with the transmission refer-
ence clock and addressed to the destination device; extract-
mg the phase information added at the time of modulation by
using the empty arca which 1s equivalent to the difference
between the number of bits of each unit block of the device
data and the number of bits of each unit block of the
communication data synchronized with the transmission
reference clock, at the time of demodulation by the repeater;
and transmitting, by the repeater, the demodulated commu-
nication data to the destination device.

According to the present invention, when a repeater
receives the device data synchronized with the device ref-
erence clock set in a source device connected to the repeater
from the source device, the repeater modulates the device
data to communication data synchronized with the transmis-
sion reference clock; adds a phase information to be used to
demodulate the modulated communication data into device
data, to an empty area which 1s equivalent to a difference
between a number of bits of each unit block of the device
data and a number of bits of each unit block of the com-
munication data synchronized with the transmission refer-
ence clock, at the time of the modulation; and transmaits the
modulated communication data to a predetermined destina-
tion by the repeater. Conversely, when a repeater receives
communication data modulated to synchronmize with the
transmission reference clock and addressed to a destination
device connected to the repeater, the repeater demodulates
the received communication data to device data synchro-
nized with the device reference clock set 1n the destination
device;

extracts the phase information added at the time of
modulation by using the empty area which 1s equivalent to
the difference between the number of bits of each unit block
of the device data and the number of bits of each unit block
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of the communication data synchronized with the transmis-
sion reference clock, at the time of demodulation; and
transmits the demodulated communication data to the des-
tination device.

Therefore, by adding the phase mformation, the device
data synchronized with the device reference clock set in the
source device can be modulated to the communication data
synchronized with the transmission reference clock without
performing a processing of bit interpolation. Further, by

extracting the phase information, the communication data
modulated to synchronize with the transmission reference
clock can be demodulated to the device data precisely
synchronized with the device reference clock set in the
source device without performing a processing of singing
bits. As a result, digital data can be transmitted truly and
precisely from an input unit to an output unit having a
different sampling rate from that of the mput unit.

In a preferred embodiment of the present invention, the
phase information comprises a phase difference between a
block synchronous signal of communication data synchro-
nized with the transmission reference clock and a synchro-
nous signal of a device reference clock set in the source
device.

Further, to attain the above object, according to yet
another aspect of the present invention, there i1s provided a
fransmission system constructed by interconnecting a plu-
rality of repeaters, each having at least one device connected
thereto, by a transmission line, for exchanging digital data
between devices, between repeaters, or between a device
and a repeater, each of the plurality of repeaters comprising;:
modulating means for modulating device data to communi-
cation data synchronized with the transmission reference
clock, when the device data synchronized with the device
reference clock set in a source device connected to the
repeater 1s output from the source device, the transmission
reference clock being the basis for an exchange of commu-
nication data between repeaters and being set to an appro-
priate value 1n advance with reference to a plurality of
device reference clocks set 1n at least one device; phase
information adding means for adding a phase information to
be used to demodulate the modulated communication data
into device data, to an empty areca which 1s equivalent to a
difference between a number of bits of each unit block of the
device data and a number of bits of each unit block of the
communication data synchronized with the transmission
reference clock, at the time of the modulation by the
modulating means, a number of bits of each unit block of the
communication data synchronized with the transmission
reference clock and a number of bits of each unit block of
plural device data synchronized with the plurality of device
reference clocks respectively being set to appropriate values
in advance with reference to frequencies of the plurality of
device reference clocks and a frequency of the transmission
reference clock; and transmitting means for transmitting the
communication data modulated by the modulating means to
a predetermined destination.

According to the present invention, when a repeater
receives the device data synchronized with the device ref-
erence clock set 1n a source device connected to the repeater
from the source device, modulating means in the repeater
modulates the device data to communication data synchro-
nized with the transmission reference clock, and then phase
information adding means adds a phase information to be
used to demodulate the modulated communication data mto
device data, to an empty area which i1s equivalent to a
difference between a number of bits of each unit block of the
device data and a number of bits of each unit block of the
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6

communication data synchronized with the transmaission
reference clock, at the time of the modulation, and then
transmitting means transmits the modulated communication
data to a predetermined destination by the repeater.

Therefore, by adding the phase information, the device
data synchronized with the device reference clock set in the
source device can be modulated to the communication data
synchronized with the transmission reference clock without
performing a processing of bit interpolation. As a result,

digital data can be transmitted truly and precisely from an
input unit to an output unit having a different sampling rate
from that of the input umnit.

In a preferred embodiment of the present invention, the
phase information comprises a phase difference between a
block synchronous signal of communication data synchro-
nized with the transmission reference clock and a synchro-
nous signal of a device reference clock set 1n the source
device.

Further, to attain the above object, according to further
aspect of the present invention, there i1s provided a trans-
mission system constructed by interconnecting a plurality of
repeaters, each having at least one device connected thereto,
by a transmission line, for exchanging digital data between
devices, between repeaters, or between a device and a
repeater, each of the plurality of repeaters comprising:
demodulating means for demodulating received communi-
cation data to device data synchronized with the device
reference clock set 1in a destination device connected to the
repeater, when the repeater receives communication data
modulated to synchronize with the transmission reference
clock and addressed to the destination device, the transmais-
sion reference clock being the basis for an exchange of
communication data between repeaters and being set to an
appropriate value 1n advance with reference to a plurality of
device reference clocks set 1n at least one device; phase
information extracting means for extracting a phase infor-
mation added at the time of modulation by using an empty
arca which 1s equivalent to a difference between a number of
bits of each unit block of the device data and a number of
bits of each unit block of the communication data synchro-
nized with the transmission reference clock, at the time of
demodulation by the demodulating means, a number of bits
of each unit block of the communication data synchronized
with the transmission reference clock and a number of bits
of each unit block of plural device data synchronized with
the plurality of device reference clocks respectively being
set to appropriate values i1n advance with reference to
frequencies of the plurality of device reference clocks and a
frequency of the transmission reference clock; and trans-
mitting means for transmitting the communication data
demodulated by demodulating means to the destination
device.

According to the present invention,.when a repeater
receives communication data modulated to synchronize with
the transmission reference clock and addressed to a desti-
nation device connected to the repeater, demodulating
means 1n the repeater demodulates the received communi-
cation data to device data synchronized with the device
reference clock set in the destination device, and then phase
information extracting means extracts a phase mformation
added at the time of modulation by using an empty area
which 1s equivalent to a difference between a number of bits
of each unit block of the device data and a number of bits of
cach unit block of the communication data synchronized
with the transmission reference clock, at the time of
demodulation, and then transmitting means transmits the
demodulated communication data to the destination device.
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Therefore, by extracting the phase information, the com-
munication data modulated to synchronize with the trans-
mission reference clock can be demodulated to the device
data precisely synchronized with the device reference clock
set 1n the source device without performing a processing of
sinning bits. As a result, digital data can be transmitted truly
and precisely from an 1nput unit to an output unit having a

different sampling rate from that of the mput unit.
In a preferred embodiment of the present invention, the

phase information comprises a phase difference between a
block synchronous signal of communication data synchro-
nized with the transmission reference clock and a synchro-
nous signal of a device reference clock set in a source

device.

Further, to attain the above object, according to still
further aspect of the present invention, there 1s provided a
fransmission system constructed by interconnecting a plu-
rality of repeaters, each having at least one device connected
thereto, by a transmission line, for exchanging digital data
between devices, between repeaters, or between a device
and a repeater, each of the plurality of repeaters comprising;:
modulating means for modulating device data to communi-
cation data synchronized with the transmission reference
clock, when the device data synchronized with the device
reference clock set 1n a source device connected to the
repeater 1s output from the source device, the transmission
reference clock being the basis for an exchange of commu-
nication data between repeaters and being set to an appro-
priate value 1n advance with reference to a plurality of
device reference clocks set 1n at least one device; phase
information adding means for adding a phase information to
be used to demodulate the modulated communication data
into device data, to an empty area which 1s equivalent to a
difference between a number of bits of each unit block of the
device data and a number of bits of each unit block of the
communication data synchronized with the transmission
reference clock, at the time of the modulation by the
modulating means, a number of bits of each unit block of the
communication data synchronized with the transmission
reference clock and a number of bits of each unit block of
plural device data synchronized with the plurality of device
reference clocks respectively being set to appropriate values
in advance with reference to frequencies of the plurality of
device reference clocks and a frequency of the transmission
reference clock; first transmitting means for transmitting the
communication data modulated by the modulating means to
a predetermined destination; demodulating means for
demodulating received communication data to device data
synchronized with the device reference clock set in a des-
fination device connected to the repeater, when the repeater
receives communication data modulated to synchronize with
the transmission reference clock and addressed to the des-
fination device; phase information extracting means for
extracting the phase information added at the time of modu-
lation by using the empty arca which 1s equivalent to the
difference between the number of bits of each unit block of
the device data and the number of bits of each unit block of
the communication data synchronized with the transmission
reference clock, at the time of demodulation by the demodu-
lating means; and second transmitting means for transmit-
ting the communication data demodulated by demodulating
means to the destination device.

According to the present invention, when a repeater
receives the device data synchronized with the device rel-
erence clock set 1n a source device connected to the repeater
from the source device, modulating means in the repeater
modulates the device data to communication data synchro-
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nized with the transmission reference clock, and then phase
information adding means adds a phase mformation to be
used to demodulate the modulated communication data into
device data, to an empty area which 1s equivalent to a
difference between a number of bits of each unit block of the
device data and a number of bits of each unit block of the
communication data synchronized with the transmission
reference clock, at the time of the modulation, and then first
transmitting means transmits the modulated communication
data to a predetermined destination by the repeater.
Conversely, when a repeater receives communication data
modulated to synchronize with the transmission reference
clock and addressed to a destination device connected to the
repeater, demodulating means 1n the repeater demodulates
the received communication data to device data synchro-
nized with the device reference clock set 1n the destination
device, and then phase information extracting means
extracts the phase information added at the time of modu-
lation by using the empty area which 1s equivalent to the
difference between the number of bits of each unit block of
the device data and the number of bits of each unit block of
the communication data synchronized with the transmission
reference clock, at the time of demodulation, and then
second transmitting means transmits the demodulated com-
munication data to the destination device.

Therefore, by adding the phase information, the device
data synchronized with the device reference clock set in the
source device can be modulated to the communication data
synchronized with the transmission reference clock without
performing a processing of bit mterpolation. Further, by
extracting the phase information, the communication data
modulated to synchronize with the transmission reference
clock can be demodulated to the device data precisely
synchronized with the device reference clock set in the
source device without performing a processing of sinning
bits. As a result, digital data can be transmitted truly and
precisely from an imnput unit to an output unit having a
different sampling rate from that of the mput unit.

In a preferred embodiment of the present invention, the
phase information comprises a phase difference between a
block synchronous signal of communication data synchro-
nized with the transmission reference clock and a synchro-
nous signal of a device reference clock set in the source

device.

The nature, principle and utility of the invention waill
become more apparent from the following detailed descrip-
fion when read 1n conjunction with the accompanying draw-
Ings.

BRIEF DESCRIPTION OF THE DRAWINGS

In the accompanying drawings:

FIG. 1 1s a schematic block diagram of a whole trans-
mission system based on the present invention;

FIG. 2 1s a block diagram of internal configuration of a
repeater which 1s a key part of the transmission system;

FIG. 3 1s a block diagram of a circuit for modulating
digital data 1n a repeater which 1s a key part of the trans-
mission system;

FIG. 4 1s a block diagram of a circuit for demodulating,
digital data 1n a repeater which 1s a key part of the trans-
mission system;

FIG. 5 1s a diagram for explaining synchronous signal
employed 1n the transmission system on the present inven-
tion;

FIG. 6 1s a list of abbreviations showing the signals used
in the transmission system on the present 1nvention;
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FIG. 7 1s a diagram for explaining an operation of
modulation/demodulation 1n the transmission system on the
present mvention; and

FIG. 8 1s a schematic block diagram of a circuit provided
in the functional device.

DESCRIPTION OF THE PREFERRED
EMBODIMENTS

The communication method and the communication sys-
tem according to preferred embodiments of the present
invention will be described in detail with reference to the
accompanying drawings.

As shown 1n FIG. 1, the communication system 1 accord-
ing to the present invention 1s constructed by interconnect-
ing a plurality of route hubs RH1, RH2, RH3, RH4, RHS
which serve as repeaters by a loop-configuration data trans-
mission line 3 so that data can be exchanged therebetween.
The topology of the network of the communication system
1 may be bus, star or other suitable configuration other than
the above loop.

Each of the plurality of route hub RH 1s connected to one
or more functional devices N so that data can be exchanged
between route hubs RH, functional devices N, or a func-
tional device N and a route hub RH by the data transmission
line 3 which permits the transmission of communication
data 1n a direction shown by an arrow 1n FIG. 1. In FIG. 1,

functional devices N1 to NS are connected to the plurality of
route hubs RH1, RH2, RH3, RH4, RH4, RHS, respectively.

The functional device N may be a CD drive having a
sampling rate of 44.1 kHz, MD drive having a sampling rate
of 48 kHz, digital audio amplifier incorporating a DSP
having a sampling rate of 44.1 kHz, RDS unit, CD-ROM
drive, DAT unit, portable telephone, facsimile, digital TV,
navigation unit, car recerver for receiving traffic information
from VICS (Vehicle Information and Communication
System), car communication unit for communicating charge
information with ETC (Electrical Toll Collection system),
DVD (Digital Video Disc)-ROM drive, CAN (Controller
Area Network) interface, sensor such as a bearing sensor or
car speed sensor, monitor or car personal computer having
a sampling rate of 32 kHz, or the like.

A specific address 1s assigned to each of the plurality of
route hubs RH and each of the functional units N so that each
can be i1dentified. When data 1s to be exchanged between
route hubs RH, functional devices N, or a functional device
N and a route hub RH over the data transmaission line 3, these
addresses are used to specity the destination or source. In
FIG. 1, specific addresses such as RH1, RH2, RH3, RH4,
RHS are assigned to the plurality of route hubs RH, and N1,
N2, N3 ... are assigned to the plurality of functional devices
N, respectively.

The internal configuration of the route hub RH which
serves as a repeater will be described hereinunder with
reference to the block diagram of FIG. 2, taking route hub
RH1 as a typical example.

For the convenience of explanation, as shown 1n FIGS. 5
and 6, the clock synchronous signal (48 kHz) of device data
output from a functional device N such as an MD drive
having a sampling rate of 48 kHz 1s called “first clock
synchronous signal HCK”, the clock synchronous signal
(44.1 kHz) of device data output from a functional device N
such as a CD drive having a sampling rate of 44.1 kHz 1s
called “second clock synchronous signal MCK”, and the
clock synchronous signal (32 KHz) of device data output
from a functional device N such as an RDS unit having a
sampling rate of 32 kHz 1s called “third clock synchronous
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signal LCK”. The clock synchronous signals of device data
output from the above functional devices N are generally
called “device reference clock”. Each of the functional
devices N outputs device data in synchronism with each bat
of the device reference clock set in each of them. Device
data output from each of the functional devices N 1s com-
posed of unit blocks, each consisting of a predetermined
number of frames, each frame having a predetermined
number of bits. In this embodiment, as shown 1n FIG. 5, each
frame consists of 32 bits which are contained 1n one sub-
channel.

The route hub RH1 comprises a receiving interface (to be
referred to as “I/F” hereinafter) §, transmitting I/F 7, clock

manager 9, an input unit I/F 11 connected to the functional
device N1 (CD) and output unit I/F 13.

The receiving I/F 5 has functions to receive digital
communication data including instructions and source data
transmitted from the route hub RHS on an upstream side
thereof over the data transmission line 3 1n synchronism
with each bit of a predetermined transmission reference
clock which will be described heremafter and to deliver the
received communication data to an appropriate destination.
The above predetermined transmission reference clock 1s a
clock which 1s the basis for the exchange of communication
data between route hubs RH and is set to an appropriate
value with reference to clock synchronous signals for sam-
pling rates set 1n the functional devices N connected to the
route hubs RH constituting the communication system. In
this embodiment, the first clock synchronous signal (48
kHz) HCK which is the largest out of the clock synchronous
signals for the plurality of sampling rates of the functional
devices N 1s used as the predetermined transmission refer-
ence clock.

The transmitting I/F 7 has a function to transmit commu-
nication data from the receiving I/F 5 or the mnput unit I/F 11
to the route hub RH2 on a downstream side thereof over the
data transmission line 3 in synchronism with each bit of the
predetermined transmission reference clock.

The clock manager 9 has a function to deliver synchro-
nous signals to the receiving I/F 5, transmitting I/F 7, input

unit I/F 11 and output unit I/F 13.

As shown 1n FIG. 3, the input unit I/F 11 comprises first
to sixth AND circuits 15, 17, 19, 23, 25, 27, one NOT circuit
21, two phase detection means 29, 35, first and second
147-bit 147 shift registers (147SRs) 31, 37, first and second
160-bit 160 shift registers (160SRs) 33, 39 and a first OR
circuit 41, and has functions to provide 13-bit phase infor-
mation to device data which 1s transmitted from the func-
tional device N1 (CD) and is bit-synchronized with the
second clock synchronous signal MCK and frame-
synchronized with the second frame synchronous signal
MLR which 1s the frame synchronous signal of the second
clock synchronous signal MCK every 147 bits and to output
the 160-bit unit device data provided with the phase infor-
mation 1n bit-synchronism with the predetermined transmis-
sion reference clock HCK.

The principle of modulating, for example, device data
bit-synchronized with the second clock synchronous signal
(44.1 kHz) into communication data bit-synchronized with
the predetermined transmission reference clock (48 kHz)
will be described heremnunder.

The greatest common divisor between the frequency of
the second clock synchronous signal (44.1 kHz) MCK and
the predetermined transmission reference clock (48 kHz)
HCK 1s first obtained and both of the clock frequencies are

divided by the obtained value (300) to obtain 44.1 K:48
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K=147:160. Then, the number of bits of each unit block of
the device data bit-synchronized with the second clock
synchronous signal (44.1 kHz) MCK 1is set to 147 bits and
the number of bits of each unit block of device data
bit-synchronized with the predetermined transmission ref-

erence clock (48 kHz) HCK is set to 160 bits.

Since 160 bits/32 bits 1s 5, the number of frames of each
unit block of the device data bit-synchronized with the

predetermined transmission reference clock (48 kHz) HCK,
that 1s, the number of sub-channels, 1s set to 5.

To modulate the device data bit-synchronized with the
second clock synchronous signal (44.1 kHz) MCK into
communication data bit-synchronized with the predeter-
mined transmission reference clock (48 kHz) HCK, the
device data having 147-bit data per block should be modu-
lated 1nto communication data having 160-bit data per
block, as shown in FIG. 7. Since a 13-bit empty area which
1s equivalent to the difference between 160 bits and 147 bits
1s formed for each block at the time of modulation, phase
information to be used to demodulate the modulated com-
munication data into the device data 1s added by using this
13-bit empty area.

Device data iput into the input unit I/F 11 from the
functional device N1 (CD) at the timing of the first block
synchronous signal HBLLR=H which 1s the block synchro-
nous signal of the first frame synchronous signal HLR 1is
output at the timing of HBLR=L. The mput unit I/F 11 also
receives device data at the timing of HBLR=L, and the

device data mput at that timing 1s output at the timing of
HBLR=H.

As shown 1n FIG. 4, the output unit I/F 13 comprises
seventh to twelfth AND circuits 43, 45, 47, 49, 51, 53, a
phase correction means 55, third and fourth 160 b1t Shl 't
registers (160SR) 57, 61, thlrd and fourth 147-bit 147 shift
registers (147SR) 59, 63 and a second OR circuit 65. The

output unit I/F 13 has functions to extract 13-bit phase
information from each 160-bit unit data of communication
data frame-synchronmized with the second frame synchro-
nous signal MLR transmitted from the receiving I/F 5 and to
output each 147-bit unit data of communication data from
which the phase information has been extracted to the
functional device N as device data 1 bit-synchronism with
the second clock synchronous signal MCK. Phase correction
1s carried out on the second frame synchronous signal MLLR
with reference to the extracted phase information.

To demodulate, for example, the communication data
which has been modulated to be bit-synchronized with the
predetermined transmission reference clock (48 kHz) HCK
into device data bit-synchronized with the second clock
synchronous signal (44.1 kHz) MCK, the communication
data having 160-bit data per block should be demodulated
into communication data having 147-bit data per block, as
shown i FIG. 7. The phase information which has been
provided at the time of modulation using the 13-bit empty
arca which 1s equivalent to the difference between 147 bits
and 160 bits 1s extracted at the time of demodulation.

Communication data input into the output unit I/F 13 from
the receiving I/F § at the timing of the first block synchro-
nous signal HBLR H 1s output at the timing of HBLR =L.
The output unit I/F 13 also receives communication data at
the timing of HBLR=L, and the communication data input
at that timing 1s output at the timing of HBLR=H.

Describing the 13-bit phase information which i1s pro-
vided to device data having 14°7-bit data per block, the phase
information includes the phase difference between the syn-
chronous signal of each functional device N and the first
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block synchronous signal HBLR, state information on the
synchronous signal of each functional device N and the like.
In concrete terms, the phase information according to this
embodiment consists of a 7-bit phase idenfifier area for
storing a phase 1dentifier, a 1-bit up/down 1dentification
information description area for storing identification infor-
mation (U/D) on whether the first frame synchronous signal
HLR rises or falls right after the change point of the first
block synch signal HBLR, and a 5-bit phase difference
information description area for storing the amount of delay
of the clock synchronous signal of a specific functional
device N with respect to the first block synchronous signal

HBLR.

A description 1s subsequently given of the internal con-
figurations of the functional device N3 (DSP 1) and the

functional device NS (DSP 2) with reference to the block
diagram of FIG. 8.

As shown 1n FIG. 8, each of the functional devices N3
(DSP 1) and N5 (DSP 2) comprises a first phase locked loop
(PLL1) 71 for mputting a 27 MHz clock and outputting a
16.9344 MHz clock, a second phase locked loop (PLL2) 73
for mputting a 27 MHz clock and outputting a 18.432 MHz
clock and a division rate selector 75. The division rate
selector 75 comprises a first frequently dividing circuit 77
for frequently dividing an mput clock by 192 and outputting
the divided clock and a second frequently dividing circuit 79
for frequently dividing the 1nput clock by 2 or 3 according
to a division rate selection signal and outputting the divided
clock. Accordingly, in the functional device N3 (DSP1) and
functional device NS (DSP2), either one of the output clocks
of the first phase locked loop (PLL1) 71 and the second
phase locked loop (PLL2) 73 is suitably selected and either
one of division rates, 1/2 and 1/3, 1s selected to selectively
output one clock synchronous signal from 48 kHz, 44.1 kHz

and 32 kHz clock synchronous signals.

A description 1s subsequently given of the operation of
cach route hub RH with reference to FIGS. 2, 3, 4 and 7,
taking the route hub RH1 as a typical example and paying
attention to modulation and demodulation at the input unit
I/1 11 and the output unit I/F 13, respectively.

First, the modulation of the input unit I/F 11 1s described
hereinunder. The device data MDATA output from the
functional device N in bit-synchronism with the second
clock synchronous signal MCK as well as 1n frame-
synchronism with the second frame synchronous signal
MLR 1s applied in series to the first 147 shift register
(147SR) 31 in bit-synchronism with the second clock syn-
chronous signal MCK at the timing of the first block
synchronous signal HBLLR=H through the first AND circuit
15. The 1477-bit unit communication data stored in the first
147 shift register (147SR) 31 is applied in parallel to the first
160 shift register (160SR) 33, while 13-bit phase informa-
fion detected by phase detection means 29 i1s applied in
parallel to the first 160 shift register (160SR) 33. The 1

60-bit
unit communication data stored 1n the first 160 shift register
(160SR) 33 1s output in series to the first OR circuit 41 from
the first 160 shift register (160SR) 33 in bit-synchronism
with the first clock synchronous signal HCK at the timing of
the first block synchronous signal HBLR=L..

The device data MDATA output from the functional
device N 1n bit-synchronism with the second clock synchro-
nous signal MCK as well as in frame-synchronism with the
second frame synchronous signal MLR 1s applied 1n series
to the second 147 shift register (147SR) 37 in bit-
synchronism with the second clock synchronous signal
MCK at the timing of the first block synchronous signal
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HBLR=L through the fourth AND circuit 23. The 147-bat
unit communication data stored in the second 147 shift

register (147SR) 37 is applied in parallel to the second 160
shift register (160SR) 39, while 13-bit phase information

detected by the phase detection means 35 1s applied 1n
parallel to the second 160 shift register (160SR) 39. The

160-b1t unit communication data stored in the second 160
shift register (160SR) 39 is output in series to the first OR
circuit 41 from the second 160 shift register (160SR) 39 in
bit-synchronism with the first clock synchronous signal

HCK at the timing of the first block synchronous signal
HBLR=H.

The first OR circuit 41 carries out the OR operation of the
160-bit unit communication data applied 1n series from the
first 160 shift register (160SR) 33 and the 160-bit unit
communication data applied i1n series from the second 160
shift register (160SR) 39 and outputs the result of the OR
operation of both communication data as communication
data.

The communication data output from the first OR circuit
41 1s obtained by modulating the device data bait-
synchronized with the second clock synchronous signal
(44.1 kHz) MCK so that it is bit-synchronized with the
predetermined transmission reference clock (48 kHz) HCK.
This modulated communication data 1s transmitted from the
transmitting I/F 7 of the route hub RH1 to a predetermined
destination.

According to the communication method and the com-
munication system of the present invention, to modulate, for
example, device data bit-synchronized with the second clock
synchronous signal (44.1 kHz) MCK into communication
data bit-synchronized with the predetermined transmission
reference clock (48 kHz) HCK for transmission, the device
data having 147-bit data per block 1s modulated into com-
munication data having 160-bit data per block and phase
information which 1s used to demodulate the modulated
communication data into the device data 1s provided usmg a
13-bit empty areca which 1s equivalent to the difference
between 147 bits and 160 bats at the time of modulation, as
shown 1n FIG. 7, thereby making unnecessary the processing
of bit mterpolation and making 1t possible to modulate the
device data bit-synchronized with the second clock synchro-
nous signal (44.1 kHz) MCK into communication data
bit-synchronized with the predetermined transmission ref-
erence clock (48 kHz) HCK for transmission. As a result,
digital data can be transmitted truly and precisely from an
input unit to an output unit having a different sampling rate
from that of the input umnit.

A description 1s subsequently given of the processing of
demodulation at the output unit I/F 13. For example, the
160-bit unit communication data MDATA transmitted from
the receiving I/F 5 1n frame-synchronism with the second
frame synchronous signal MLR 1s applied 1n series to the
third 160 shift register (169SR) 57 in bit-synchronism with
the first clock synchronous signal HCK at the timing of the
first block synchronous signal HBLLR=H through the seventh
AND circuit 43. The 13-bit phase mnformation 1s extracted in
parallel from the 160-bit unit communication data stored in
the third 160 shift register (160SR) 57 by the phase correc-
fion means 55. The 147-bit unit device data from which the
phase information has been extracted 1s applied 1n parallel to
the third 147 shift register (147SR) 59. Then the 147-bit unit
device data stored in the third 147 shift register (147SR) 59
is output in series from the third 147 shift register (147SR)
59 to the second OR circuit 65 1n bit-synchronism with the
second clock synchronous signal MCK at the timing of the
first block synchronous signal HBLR=L.
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The 160-bit unit communication data MDATA transmitted
from the receiving I/F 5 in frame-synchronism with the
second frame synchronous signal MLR 1s applied 1n series
to the fourth 160 shift register (160SR) 61 in bit-
synchronism with the first clock synchronous signal HCK at
the timing of the first block synchronous signal HBLR=L
through the tenth AND circuit 49. The 13-bit phase infor-
mation 1s extracted in parallel from the 160-bit unit com-
munication data stored in the fourth 160 shift register
(160SR) 61 by the phase correction means 55. The 147-bit
unit device data from which the phase information has been
extracted 1s applied in parallel to the fourth 1477 shift register
(147SR) 63. Then the 147-bit unit device data stored in the
fourth 147 shift register (147SR) 63 is output in series from
the fourth 147 shift register (147SR) 63 to the second OR
circuit 65 1n bit-synchronism with the second clock syn-
chronous signal MCK at the timing of the first block
synchronous signal HBLR=H.

The second OR circuit 65 carries out the OR operation of
the 147-bit unit device data applied 1n series from the third
147 shift register (147SR) §9 and the 147-bit unit device
data applied 1n series from the fourth 147 shift register
(147SR) 63 and outputs the result of the OR operation of
both device data as device data.

The device data output from the second OR circuit 65 1s
obtained by demodulating communication data bit synchro-
nized with the predetermined transmission reference clock

(48 kHz) HCK so that it is bit-synchronized with the second
clock synchronous signal (44.1 kHz) MCK, and this
demodulated device data 1s received by the functional device
N connected to the output unit I/F 13.

According to the communication method and the com-
munication system of the present invention, to demodulate
communication data which has been modulated so that 1t 1s
bit-synchronized with the predetermined transmission ref-
erence clock (48 kHz) HCK into the device data which is
bit-synchronized with the second clock synchronous signal
(44.1 kHz) MCK for reception, the communication data
having 160-bit data per block 1s demodulated 1nto device
data having 147-bit data per block and phase information
which has been prov1ded using the 13-bit empty arca which
1s equivalent to the difference between 160 bits and 147 bits
1s extracted at the time of demodulation, as shown 1n FIG.
7, thereby making unnecessary the processing of thinning
bits and making 1t possible to demodulate the communica-
tion data which has been modulated so that it 1s bait-
synchronized with the predetermined transmission reference
clock (48 kHz) HCK into the device data which is bit-
synchronized with the second clock synchronous signal
(44.1 kHz) MCK for reception. As a result, digital data can
be transmitted truly and precisely from an input unit to an
output unit having a different sampling rate from that of the
input unit.

The present invention 1s not limited to the above embodi-
ment and can be carried out 1n other embodiments by adding
suitable modifications to the above embodiment.

In this embodiment, the device data bit-synchronized with
the second clock synchronous signal (44.1 kHz) MCK is
modulated 1nto communication data bit-synchronized with
the predetermined transmission reference clock (48 kHz)
HCK and the communication data which has been modu-
lated so that 1t 1s bit-synchronized with the predetermined
transmission reference clock (48 kHz) HCK is demodulated
into the device data bit-synchronized with the second clock
synchronous signal (44.1 kHz) MCK. The present invention
1s not limited to this embodiment. For example, device data
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bit synchronized with the third clock synchronous signal (32
kHz) LCK may be modulated into communication data
bit-synchronized with the predetermined transmission ref-
erence clock (48 kHz) HCK and the communication data
which has been modulated so that it 1s bit-synchronized with
the predetermined transmission reference clock (48 kHz)
HCK may be demodulated into device data bit-synchronized

with the first clock synchronous signal (32 kHz) LCK.

In this case, utilizing that 32 K:48 K=2:3, device data
contained in two sub-channels of the third frame synchro-
nous signal LLR out of the device data bit-synchronized
with the third clock synchronous signal (32 kHz) LCK are
assigned to two sub-channels out of the three sub-channels
of the first frame synchronous signal HLLR and phase mfor-
mation 1s assigned to the one remaining sub-channel out of
the three sub-channels of the first frame synchronous signal
HLR, thereby modulating the device data into communica-
fion data. Conversely, device data occupying two sub-
channels out of the modulated communication data are
assigned to two sub-channels of the third frame synchronous
signal LLR and phase correction is carried out with refer-
ence to the phase information extracted from the modulated
communication data, thereby demodulating the modulated
communication data into device data.

Finally, the number of bits contained 1n each frame, 1.c.
cach sub-channel, 1s 32 in this embodiment. The present
invention 1s not limited to this. It 1s needless to say that the
number of bits contained 1 each sub-channel can be
changed to a suitable value such as 16 bits.

What 1s claimed 1s:

1. A transmission method, used m a transmission system
constructed by interconnecting a plurality of repeaters, each
having at least one device connected thereto, by a transmis-
sion line, for exchanging digital data between devices,
between repeaters, or between a device and a repeater, the
method comprising the steps of:

setting a transmission reference clock which 1s the basis
for an exchange of communication data between
repeaters to an appropriate value 1n advance with
reference to a plurality of device reference clocks set 1n
at least one device;

setting a number of bits of each unit block of communi-
cation data synchronized with the transmission refer-
ence clock and a number of bits of each unit block of
plural device data synchronized with the plurality of
device reference clocks respectively, to appropriate
values 1n advance with reference to frequencies of the
plurality of device reference clocks and a frequency of
the transmission reference clock;

modulating, by a repeater, device data to communication
data synchronized with the transmission reference
clock, when the device data synchronmized with the
device reference clock set in a source device connected
to the repeater 1s output from the source device;

adding a phase mnformation to be used to demodulate the
modulated communication data into device data, to an
empty arca which 1s equivalent to a difference between
a number of bits of each unit block of the device data
and a number of bits of each unit block of the com-
munication data synchronized with the transmission
reference clock, at the time of the modulation by the
repeater; and

transmitting the modulated communication data to a pre-
determined destination by the repeater.

2. The transmission method of claim 1, wherein the phase

information comprises a phase difference between a block
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synchronous signal of communication data synchronized
with the transmission reference clock and a synchronous
signal of a device reference clock set in the source device.

3. A transmission method, used 1 a transmission system
constructed by interconnecting a plurality of repeaters, each
having at least one device connected thereto, by a transmis-
sion line, for exchanging digital data between devices,
between repeaters, or between a device and a repeater, the
method comprising the steps of:

setting a transmission reference clock which 1s the basis
for an exchange of communication data between
repeaters to an appropriate value 1n advance with
reference to a plurality of device reference clocks set 1n
at least one device;

setting a number of bits of each unit block of communi-
cation data synchronized with the transmission refer-
ence clock and a number of bits of each unit block of
plural device data synchronized with the plurality of
device reference clocks respectively, to appropriate
values 1n advance with reference to frequencies of the
plurality of device reference clocks and a frequency of
the transmission reference clock;

demodulating, by a repeater, received communication
data to device data synchronized with the device ref-
erence clock set in a destination device connected to the
repeater, when the repeater receives communication
data modulated to synchronize with the transmission
reference clock and addressed to the destination device;

extracting a phase information added at the time of
modulation by using an empty area which 1s equivalent
to a difference between a number of bits of each unit
block of the device data and a number of bits of each
unit block of the communication data synchronized
with the transmission reference clock, at the time of
demodulation by the repeater; and

transmitting, by the repeater, the demodulated communi-

cation data to the destination device.

4. The transmission method of claim 3, wherein the phase
information comprises a phase difference between a block
synchronous signal of communication data synchronized
with the transmission reference clock and a synchronous
signal of a device reference clock set 1n a source device.

5. A transmission method, used 1n a transmission system
constructed by interconnecting a plurality of repeaters, each
having at least one device connected thereto, by a transmis-
sion line, for exchanging digital data between devices,
between repeaters, or between a device and a repeater, the
method comprising the steps of:

setting a transmission reference clock which is the basis
for an exchange of communication data between
repeaters to an appropriate value 1 advance with
reference to a plurality of device reference clocks set 1n
at least one device;

setting a number of bits of each unit block of communi-
cation data synchronized with the transmission refer-
ence clock and a number of bits of, each unit block of
plural device data synchronized with the plurality of
device reference clocks respectively, to appropriate
values 1n advance with reference to frequencies of the
plurality of device reference clocks and a frequency of
the transmission reference clock;

modulating, by a repeater, device data to communication
data synchronized with the transmission reference
clock, when the device data synchronized with the
device reference clock set in a source device connected
to the repeater 1s output from the source device;
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adding a phase information to be used to demodulate the
modulated communication data into device data, to an
empty arca which 1s equivalent to a difference between
a number of bits of each unit block of the device data
and a number of bits of each unit block of the com-
munication data synchronized with the transmission
reference clock, at the time of the modulation by the
repeater;

transmitting the modulated communication data to a pre-
determined destination by the repeater;

demodulating, by the repeater, received communication
data to device data synchronized with the device ref-
erence clock set 1n a destination device connected to the
repeater, when the repeater receives communication
data modulated to synchronize with the transmission

reference clock and addressed to the destination device;

extracting the phase mformation added at the time of
modulation by using the empty area which 1s equivalent
to the difference between the number of bits of each
unit block of the device data and the number of bits of
cach unit block of the communication data synchro-
nized with the transmission reference clock, at the time
of demodulation by the repeater; and

transmitting, by the repeater, the demodulated communi-

cation data to the destination device.

6. The transmission method of claim 5, wherein the phase
information comprises a phase difference between a block
synchronous signal of communication data synchronized
with the transmission reference clock and a synchronous
signal of a device reference clock set in the source device.

7. A transmission system constructed by interconnecting
a plurality of repeaters, each having at least one device
connected thereto, by a transmission line, for exchanging
digital data between devices, between repeaters, or between
a device and a repeater, each of the plurality of repeaters
comprising:

modulating means for modulating device data to commu-

nication data synchronized with the transmission ref-
erence clock, when the device data synchronized with
the device reference clock set in a source device
connected to the repeater 1s output from the source
device, the transmission reference clock being the basis
for an exchange of communication data between
repeaters and being set to an appropriate value 1n
advance with reference to a plurality of device refer-
ence clocks set 1n at least one device;

phase 1nformation adding means for adding a phase
information to be used to demodulate the modulated
communication data into device data, to an empty arca
which 1s equivalent to a difference between a number of
bits of each unit block of the device data and a number
of bits of each unit block of the communication data
synchronized with the transmission reference clock, at
the time of the modulation by the modulating means, a
number of bits of each unit block of the communication
data synchronized with the transmission reference
clock and a number of bits of each unit block of plural
device data synchronized with the plurality of device
reference clocks respectively being set to appropriate
values 1 advance with reference to frequencies of the
plurality of device reference clocks and a frequency of
the transmission reference clock; and

transmitting means for transmitting the communication

data modulated by the modulating means to a prede-
termined destination.

8. The transmission system of claim 7, wherein the phase

information comprises a phase difference between a block
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synchronous signal of communication data synchronized
with the transmission reference clock and a synchronous
signal of a device reference clock set in the source device.
9. A transmission system constructed by interconnecting
a plurality of repeaters, each having at least one device
connected thereto, by a transmission line, for exchanging
digital data between devices, between repeaters, or between
a device and a repeater, each of the plurality of repeaters
comprising:
demodulating means for demodulating received commu-
nication data to device data synchronized with the
device reference clock set in a destination device
connected to the repeater, when the repeater receives
communication data modulated to synchronize with the
transmission reference clock and addressed to the des-
tination device, the transmission reference clock being
the basis for an exchange of communication data
between repeaters and being set to an appropriate value
in advance with reference to a plurality of device
reference clocks set 1n at least one device;

phase information extracting means for extracting a phase
information added at the time of modulation by using
an empty arca which 1s equivalent to a difference
between a number of bits of each unit block of the
device data and a number of bits of each unit block of
the communication data synchronized with the trans-
mission reference clock, at the time of demodulation by
the demodulating means, a number of bits of each unit
block of the communication data synchronized with the
transmission reference clock and a number of bits of
cach unit block of plural device data synchronized with
the plurality of device reference clocks respectively
being set to appropriate values 1n advance with refer-
ence to frequencies of the plurality of device reference
clocks and a frequency of the transmission reference
clock; and

transmitting means for transmitting the communication
data demodulated by demodulating means to the des-
tination device.

10. The transmission system of claim 9, wherein the phase
information comprises a phase difference between a block
synchronous signal of communication data synchronized
with the transmission reference clock and a synchronous
signal of a device reference clock set 1n a source device.

11. A transmission system constructed by interconnecting
a plurality of repeaters, each having at least one device
connected thereto, by a transmission line, for exchanging
digital data between devices, between repeaters, or between
a device and a repeater, each of the plurality of repeaters
comprising:

modulating means for modulating device data to commu-
nication data synchronized with the transmission ref-
erence clock, when the device data synchronized with
the device reference clock set in a source device
connected to the repeater 1s output from the source
device, the transmission reference clock being the basis
for an exchange of communication data between
repeaters and being set to an appropriate value 1n
advance with reference to a plurality of device refer-
ence clocks set 1n at least one device;

phase information adding means for adding a phase
information to be used to demodulate the modulated
communication data ito device data, to an empty arca
which 1s equivalent to a difference between a number of
bits of each unit block of the device data and a number
of bits of each unit block of the communication data
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synchronized with the transmission reference clock, at
the time of the modulation by the modulating means, a
number of bits of each unit block of the communication
data synchronized with the transmission reference
clock and a number of bits of each unit block of plural
device data synchronized with the plurality of device

20

phase 1nformation extracting means for extracting the

phase mnformation added at the time of modulation by
using the empty area which 1s equivalent to the differ-

ence between the number of bits of each unit block of
the device data and the number of bits of each unit
block of the communication data synchronized with the

reference clocks respectively being set to appropriate

values 1n advance with reference to frequencies of the
plurality of device reference clocks and a frequency of
the transmission reference clock; 10 second transmitting means for transmitting the commu-

nication data demodulated by demodulating means to
the destination device.
12. The transmission system of claim 11, wherein the
demodulating means for demodulating received commu- phase information comprises a phase difference between a
nication data to device data synchronized with the 15 block synchronous signal of communication data synchro-
device reference clock set in a destination device nized with the transmission reference clock and a synchro-

connected to the repeater, when the repeater receives nous signal of a device reference clock set 1 the source
communication data modulated to synchronize with the device.

transmission reference clock and addressed to the des-

tination device; £ % % k%

transmission reference clock, at the time of demodula-
tion by the demodulating means; and

first transmitting means for transmitting the communica-
tion data modulated by the modulating means to a
predetermined destination;




UNITED STATES PATENT AND TRADEMARK OFFICE
CERTIFICATE OF CORRECTION

PATENT NO. :6,408,011 B1 Page 1 of 1
DATED : June 18, 2002
INVENTOR(S) : Yoshinori Nakatsugawa

It is certified that error appears in the above-identified patent and that said Letters Patent Is
hereby corrected as shown below:

Title page,
Item [75], change “Susono” to -- Shizuoka-ken --.

Column 3,
Line 56, change “sinning” to -- thinning --.

Column 4,
Line 63, connect the paragraph ending on line 63 with the paragraph beginning on line
64.

Column 35,
Line 14, change “singing” to -- thinning --.

Column 6,
Line 53, delete the period.

Column 7,
Line 6, change “sinning” to -- thinning --.

Column 8,
Line 35, change “sinning” to -- thinning --.

Signed and Sealed this

Twenty-eighth Day of January, 2003

JAMES E. ROGAN
Direcror of the United States Patent and Trademark Office




	Front Page
	Drawings
	Specification
	Claims
	Corrections/Annotated Pages

